ABSTRACT. Objectives. As part of an investigation into the impact of a potential revision in federal childhood lead poisoning prevention policy that would result in screening children for blood lead levels (BLLs) >5 g/dL rather than the current 10 g/dL, we analyzed the most recent available, nationally representative data to identify prevalence of BLLs >5 g/dL and socioeconomic and demographic characteristics of 1-to 5-year-old children with BLLs >5 but <10 g/dL.
BACKGROUND
P ast uses of lead in interior and exterior paints, plumbing, food and beverage containers, and gasoline in the United States resulted in ubiquitous environmental lead exposure during the 20th century and continuing into the 21st. 1,2 Although these uses have largely been prohibited, childhood lead exposure persists because of the continuing presence of leaded paint in housing and residual lead contamination in soil resulting from industrial and transportation emissions. 3 As a result of federal regulatory measures to reduce population exposure to environmental lead, overall childhood blood lead levels (BLLs) have since declined. Screening data from the late 1960s and early 1970s found that 20% to 45% of children tested had BLLs Ն40 g/dL. Between 1976 and 1980, the weighted geometric mean BLL among 1-to 5-yearold children in the US was 14.9 g/dL. 2 Almost all (95%) the children had BLLs Ն8 g/dL and 88.2% had BLLs Ն10 g/dL. Data from the Third National Health and Nutrition Examination Survey (NHANES III), phase 1 (1988 -1991) showed a decline in the geometric mean BLL in 1-to 5-year-old children to 3.6 g/dL. 2 NHANES III, phase 2 data (1991-1994) showed a further decline in geometric mean BLL to 2.7 g/dL. 4 The NHANES III, phase 2 data indicated that ϳ4.4% of 1-to 5-year-old children (ϳ890 000 children) had BLLs Ն10 g/dL. 4 The NHANES III data showed that certain children, particularly non-Hispanic black and Mexican American children, children from low-income families, and children living in urban areas, were at higher risk for BLLs Ն10 g/dL (28.4%). 3, 4 The decline in prevalence of BLLs Ն10 g/dL from phase 1 to phase 2 was somewhat higher in these subpopulations than in the total 1-to 5-year-old group. 4 Previously published analyses of NHANES III data with respect to childhood blood lead do not focus on trends in BLLs Ͻ10 g/dL, which are below the current level to which federal lead screening and intervention activities are tied. 5 The question of whether to lower the screening and intervention level to 5 g/dL is under discussion within the childhood lead poisoning prevention community. In this article we evaluate 1) the prevalence of BLLs Ն5 g/dL, which is critical to developing an appropriate screening strategy (eg, in determining the need for universal versus targeted screening); and 2) socioeconomic and demographic trends among US 1-to 5-year-old children with BLLs Ն5 but Ͻ10 g/dL (ie, the population that would be newly defined as at-risk).
METHODS
NHANES III was a stratified, multistage probability sample survey of the noninstitutionalized US population aged Ն2 months conducted by the Centers for Disease Control and Prevention (CDC) National Center for Health Statistics between 1988 and 1994. 3, 6 NHANES III provides the most recent primary source of national blood lead data. 5 The sample population included a total of 5787 children 1-5 years old who participated in a household interview (of a parent/ guardian) and in a standardized physical examination, including the taking of a venous blood sample, conducted in a "mobile examination center." Details of the data collection and analysis are provided elsewhere. 6 -10 Of the total sample, 1163 or 21% (weighted) refused or did not have valid blood lead samples, leaving 4624 children in the sample. Possible bias attributable to differences between children from whom blood was drawn and other children in the sample population are discussed below.
We explored the significance of a number of variables concerning the child's age and sex; nutritional status; health care status; family poverty and characteristics of parent/guardian such as education level; race/ethnicity (under NHANES III, available categories were non-Hispanic white, non-Hispanic black, and Mexican American) 6 ; residence in a metropolitan area with a population Ն1 million; region of the country (Northeast, Midwest, South, or West); residence in current home or city/town/area Ͼ1 year; and age of housing. 11 Because mobile examination center examinations took place in the Northeast and Midwest (the regions with the highest BLLs) during the summer and fall (the seasons with the highest BLLs), 3 we could not investigate the association between season and BLLs found in some studies. 3, [12] [13] [14] [15] We incorporated variables significantly associated in bivariate analyses with elevated BLLs (see Table 1 ) into analyses stratified separately by race/ethnicity, poverty, and age of housing. When stratified by race/ethnicity, having a regular clinic or physician and having private insurance were no longer significant, and a history of anemia was only marginally significant. When stratified by poverty, having a regular clinic or physician, having private insurance, having a history of anemia, and reported incidence of food insufficiency were no longer significant. All variables remained significant when stratified by age of housing.
Finally, we performed a multivariate logistic regression to identify independent, significant risk factors and odds ratios (ORs) for belonging in each of 3 elevated blood lead groups (BLLs Ն5 but Ͻ10 g/dL; Ն10 but Ͻ20 g/dL; and Ն20 g/dL, as compared with a reference group with BLLs reported as 0.7 to Ͻ5 g/dL). A sample population of 2529 of the full 5787 children was included in this regression, in which race/ethnicity, age, housing age, poverty, Medicaid coverage, education level of the reference adult, region of the country, and the presence of an adult smoker in the home were fitted into the model.
We used in our analysis public access data files, 16 imported into a SAS dataset (SAS Institute, Inc, Release 8.1, Cary, NC) using Statistical Export and Tabulation System (SETS) Version 1.22a retrieval software. Statistical analyses were performed by using SAS and SUDAAN (Research Triangle Institute, Release 7.5.4, Research Triangle Park, NC) software. Use of the SUDAAN software is recommended because of the complex sample design of NHANES III to enable analysts to use sample weights. 6, 17 Sample weighting was used in NHANES III to compensate for oversam- pling among some subgroups, reduce nonresponse biases, bring sample data in line with target population totals, compensate for inadequacies in sample design, and reduce variances in the estimation procedure. 6 
RESULTS
Of the total weighted population of 1-to 5-yearold children, 25.6% had BLLs Ն5 g/dL (see Table  2 ). Forty-seven percent of non-Hispanic black 1-to 5-year-old children and 28% of Mexican American children had BLLs Ն5 g/dL compared with 19% of non-Hispanic white children. Among the 1-to 2-year-old children, 32% had BLLs Ն5 g/dL compared with 21.5% of 3-to 5-year-old children. The proportion of children with BLLs Ն5 g/dL increased with age of housing: 42.4% of children in housing built before 1946 had BLLs Ն5 g/dL compared with 26.4% living in housing built between 1946 and 1973 and 14% of children living in housing built since 1973. Yet overall and within each of these age, race/ethnicity, and housing subcategories, most of the children with BLLs Ն5 g/dL were below the 10 g/dL level. For example, although almost 26% of children overall had BLLs Ն5 g/dL, many fewer (6.3%) had BLLs Ն10 g/dL. Thus, as Table 2 indicates, a change in the CDC's recommended threshold screening and intervention level from 10 g/dL to 5 g/dL would result in a broad change in the number of children identified as at-risk, although the majority of those children (76%) remain below the current screening and intervention level.
Given that such a change in intervention level would be targeted at the children whose BLLs are Ն5 g/dL but Ͻ10 g/dL, it is also useful to look at how those children are similar to or different from children with higher or lower BLLs. Table 3 shows the proportion of children within each risk category falling into 1 of the 4 groups of BLL (including the Ͻ5 g/dL control group) (indicating that, for example, 30% of the children in the Northeast and 12% of the children in the West have BLLs Ն5 but Ͻ10 g/dL). Table 4 shows, conversely, the proportion of children within each blood lead grouping who fall within one of the risk variables. For example, although 69% of the weighted sample population was non-Hispanic white, 75% of the children with BLLs Ͻ5 g/dL were non-Hispanic white. In contrast, 19% of the weighted sample population was nonHispanic black, but 65% of the group with BLLs Ն20 g/dL were non-Hispanic black children.
The results of the multiple logistic regression are set forth in Table 5 . Our analysis indicated that the association between known risk factors and BLL in- Table 2 because of rounding. 3 times more likely to be in the 10 to 20 g/dL group (95% CI: 2.4, 15.4), and 13.5 times more likely to be in the Ն20 g/dL group (95% CI: 4.7, 38.5) than they were to fall within the Ͻ5 g/dL group compared with non-Hispanic white children. In contrast, although Mexican American children were 2.4 times more likely to be in the 5 to 10 g/dL group than in the Ͻ5 g/dL (95% CI: 1.4, 4.2), children with BLLs Ն10 g/dL were no more likely to be Mexican American than to be non-Hispanic white. As expected, toddlers are at higher risk of having elevated BLLs than 3-to 5-year-old children, but for BLLs Ն20 g/dL, the age-group difference declines and becomes only marginally significant.
Living in housing built before 1946 greatly increased a child's likelihood of elevated BLLs at all levels. Children in older housing were 4.4 times more likely than children in newer housing to have BLLs between 5 and 10 g/dL (95% CI: 2.9, 6.8); 5.1 times more likely to have BLLs between 10 and 20 g/dL (95% CI: 2.7, 9.8); and 15 times more likely to have BLLs Ն20 g/dL (95% CI: 2.8, 80.8). Children living in housing built between 1946 and 1973 were twice as likely than children in newer housing to have BLLs Ն5 g/dL (95% CI: 1.5, 6.8) but were no more likely to have BLLs Ն10 g/dL.
There were strong regional differences in risk at all levels of elevated BLL; these differences remained even when age of housing and poverty was at least partially controlled for and are likely caused by historic and economic differences among communities.
Being poor (as measured by family income at or below poverty income ratio [PIR]) was associated with an approximately doubled risk of BLLs Ն5 g/ dL, with the OR highest when comparing the 10 to 20 g/dL group to the Ͻ5 g/dL referent (OR: 2.7; 95% CI: 1.2, 6.0). Poverty as measured by PIR was not strongly associated with increased risk of elevated BLLs in this model, perhaps because of the inclusion of other variables associated with poverty. Efforts to include various interaction variables and/or substituted income variables in the model did not improve model fit.
The presence of an adult smoker in the home and the education level of the reference adult were both significant in this model. In addition to their association with poverty, these variables may be independently associated with risk of lead exposure, perhaps because they reflect a guardian's lack of awareness of information about health risks of certain environmental exposures. 18 Home exposure to environmental tobacco smoke was not associated with BLLs Ͻ10 g/dL. Conversely, the education of the reference adult (high school graduate or not) had an impact on risk of being in the 5-10 g/dL group (OR: 1.5 [95% CI: 1.0, 2.2]) and the 10 to 20 g/dL group (OR: 2.2 [95% CI: 1.3, 3.8]) but not on the risk of being in the Ն20 g/dL group.
Children whose families reported Medicaid coverage were more likely than those whose families did not report Medicaid coverage to have BLLs elevated to any level. The odds of being in the 5 to 10 g/dL group were 1.9 times higher for Medicaid participants than for non-Medicaid participants (95% CI: 1.2, 3.2); in the 10 to 20 g/dL group, 2.4 times higher (95% CI: 1.2, 4.8); and in the Ն20 g/dL group, 5.2 times higher (95% CI: 1.4, 19.5).
DISCUSSION
It is well-established that the burden of lead exposure above the current intervention level of 10 g/dL is borne disproportionately by children who are poor, Medicaid-eligible, non-Hispanic black, resident in older housing, and/or located in the Northeast Odds and Midwest. 1 This analysis, which examined more closely how many and which children are at risk of BLLs Ն5 g/dL but Ͻ10 g/dL, identified 3 patterns significant to future childhood lead poisoning prevention policy. First, the prevalence of BLLs Ն5 g/dL is high overall (more than one fourth of US 1-to 5-year-old children) and very high within certain subpopulations (eg, nearly half of all non-Hispanic black children Ͻ6 years old have BLLs of at least 5 g/dL). Although most of these children do not have BLLs that reach the current intervention level of Ն10 g/ dL, they would be considered at risk if the threshold screening and intervention level were lowered.
Second, sources of exposure for many of the children with BLLs Ն5 but Ͻ10 g/dL are not welldefined and could not be investigated by using the NHANES III data. A number of potential sources beyond residential and nonresidential 19 lead paint exposures have been identified. 3,20 -25 Third, the higher a child's BLL, the greater the odds that the child had one or more of the previously known risk factors. The fact that risk factors increase in degree, not kind, with increasing BLL suggests that intervention strategies that effectively target the most at-risk members of disproportionately affected populations (eg, by making lead abatement measures in older housing either legally required or economically advantageous) might have a beneficial effect on children within the targeted populations or locations where blood lead is elevated to lower levels. The public health and policy ramifications of these findings have been analyzed elsewhere. 26 There was a high nonparticipation rate (21%) in blood laboratory analysis among the 1-to 5-year-old NHANES III participants. 6 Kaufman et al reported that data were more likely to be missing for children in the Northeast and for the younger children, both of whom generally have higher BLLs, but also for children falling within lower risk categories (children sampled in the fall and winter in warmer regions of the country, children who were not anemic, and children with a household income Ն$20 000. 10 Thus, the direction of any bias is not clear. Such a bias in particular may have affected the regression analysis, in which complete data were available for 44% of the study population of 1-to 5-year-old children. Some bias is controlled for because of the use of the SUDAAN statistical program, which estimates variance based on the entire sampling design and thus minimizes the risk of error in variance estimation caused by sample subset creation.
Some questions in the NHANES interview changed over time, and differences likely affected responses or the amount of valid responses entered. For example, 3 versions of health insurance questions were asked over the course of the survey, with the main difference being in time frame ("last month," "now," and "past 12 months"). 6, 27 In this analysis, we used the questions that asked about private or Medicaid insurance coverage for any member of the child's family (rather than solely for the child), because the response rates were higher.
The race/ethnicity groupings specified in our analysis use the categories provided in the NHANES III dataset: non-Hispanic white, non-Hispanic black, and Mexican American. These categories exclude data on children coded as "other" (10.9% of the total number of 1-to 5-year-old children [weighted proportion]). The sample size of this "other" group was too small to be used analytically, and the category, which included other Hispanics, Asians, and Native Americans, cannot be labeled accurately. 6 As a result, this analysis does not provide specific information about risks of lead poisoning to non-Mexican Hispanic populations, which may be at elevated risk because of general risk factors (poverty, urban residence, and living in the Northeast or Midwest) or because of culture-specific exposures. The NHANES III survey was conducted over a 6-year period beginning 14 years ago and ending 8 years ago (1988 -1994) . Deliberate and unintended reductions in childhood lead exposure have occurred since then. It is likely that the NHANES III data are elevated above those that would be found in the current population of 1-to 5-year-old children. 28 We assumed that any lowering of the intervention level would be to 5 g/dL for 2 reasons: 1) all past revisions to the intervention level have involved a 5-point (or multiple of 5-point) change in BLL; 29 and 2) 5-point differences in a child's BLL define the recommended level of primary, secondary, or tertiary intervention. 5 However, any BLL above the limit of detection (1 g/dL during NHANES III 4,10 and 0.3 g/dL during NHANES 1999 28 ) could also be used as an intervention level.
CONCLUSIONS
We identified 2 patterns significant for future childhood lead poisoning prevention policy. First, children with well-established risk factors are most likely to have BLLs Ն5 g/dL, Ն10 g/dL, and Ն20 g/dL, with the probable presence of one or more risk factors becoming greater with increasing BLL. Second, exposure to lead from multiple sources is suggested by the prevalence of BLLs Ն5 g/dL but Ͻ10 g/dL overall and among children with uncertain risk factors such as those living in newer housing unlikely to have lead paint. The impact of these patterns on public health policy will have to be determined if the CDC take steps to lower the intervention level.
